Phosphatidylethanol (PEth) can be detected in blood from 14 to as many as 28 days after alcohol consumption, depending on the amount and frequency of alcohol consumed. PEth may have utility for verifying abstinence in a contingency management (CM) intervention for alcohol use, particularly in settings where frequent verification of abstinence is impossible or impractical. Five nontreatment-seeking heavy drinkers (40% men) participated in an 11-week, ABA-phased within-subject experiment for which they submitted blood spots for PEth measurement, urine samples for ethyl glucuronide (EtG) testing, and self-report drinking data weekly. Participants received reinforcers for submitting samples throughout the A phases. During the B phase (CM phase), they received additional reinforcers when their PEth level was reduced from the previous week and was verified by a negative EtG (Ͻ150 ng/ml) urine test and self-report. PEth, EtG, and self-report outcomes were compared between A phases (Weeks 1-3, 8 -11) and B phases (Weeks 4 -7). During the A phases, 23% of PEth results indicated alcohol abstinence, whereas 53% of PEth samples submitted during the CM (B phase) indicated alcohol abstinence. Participants were more likely to submit EtG-negative urine samples and report lower levels of drinking and heavy drinking during the B phase, relative to the A phases. We also explored the ability of PEth to detect self-reported drinking. The combined PEth homologs (16:0/18:1 and 16:0/18:2) predicted selfreported drinking with area under the curve from 0.81 (1 week) to 0.80 (3 weeks). Results support the initial feasibility of a Peth-based CM intervention.
alcohol or drug abstinence (Benishek et al., 2014) . Few studies have investigated CM as a treatment for AUD (Alessi & Petry, 2013; Dougherty et al., 2015; Petry, Martin, Cooney, & Kranzler, 2000) , due to the lack of a feasible alcohol biomarker that can be used to verify abstinence. Recent studies have used mobile videorecorded breathalyzers (Alessi & Petry, 2013) , transdermal alcohol sensors that obtain continuous measures of alcohol use every 30 min (Dougherty et al., 2015) , as well as an ethyl glucuronide (EtG) test that can detect use in urine from 1 to 5 days prior (Jatlow et al., 2014; Lowe et al., 2015; McDonell et al., 2015) . It has been demonstrated that both EtG and transdermal monitors can be used to implement a CM intervention for AUDs (Dougherty et al., 2015; McDonell et al., 2017) . Currently available EtG tests and transdermal monitors have limitations in terms of feasibility, cost, and detection periods. Although less costly and more user-friendly transdermal monitors have been developed, such as BACtrack Skyn (KHN Solutions, Inc., San Francisco, CA), these devices have not been used in a CM intervention.
Phosphatidylethanol (PEth) is a lipid metabolite of ethanol that can be detected for 14 to up to 28 days after drinking alcohol (Bakhireva et al., 2016; Kummer et al., 2016; Wurst et al., 2010) . PEth levels depend on the amount and frequency of drinking and the type of PEth analysis conducted, as a period of abstinence increases, levels of PEth decrease (Javors, Hill-Kapturczak, Roache, Karns-Wright, & Dougherty, 2016) . PEth results can be reported within 1 week when samples are shipped and results received from an outside laboratory, as in the present study. Analysis typically costs $40 -$100. PEth costs are likely to decrease as the test becomes more widely used and offered, and less expensive methods (e.g., antibody-based) are developed (Nissinen et al., 2012; Nissinen et al., 2008) .
PEth pharmacokinetics provide extensive information about recent drinking. The assay is sensitive, with one to two standard 14-g alcohol drinks producing detectable levels of PEth in a whole blood sample (Javors et al., 2016) . The test is specific for ethanol. PEth is a metabolite of ethanol and can only be synthesized if ethanol has been consumed. Unlike other alcohol-use biomarkers, there have been no reports of false positives for PEth (Isaksson, Walther, Hansson, Andersson, & Alling, 2011; SAMHSA, 2012; Wurst et al., 2010) .
Therefore, PEth is a potentially suitable biomarker for verifying alcohol abstinence in a CM intervention, particularly in settings where less frequent monitoring of alcohol use is ideal or necessary, such as in primary care settings or in alcohol-treatment aftercare programs. The primary objective of this study was to determine if a PEth-based CM intervention is feasible for reducing alcohol use. We also assessed whether PEth could detect self-reported drinking over a 1-5-week period.
Method

Participants and Procedure
Participants were recruited online and through community advertising. Individuals who were 21 years and older and drank five or more standard drinks on at least five separate occasions in the last 30 days were eligible to participate. Individuals who met Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; APA, 2013) criteria for severe AUD, or used other illicit drugs except marijuana in the past 30 days, were not eligible. Participants with severe AUD were excluded from participation because of the potential medical and psychological risks of alcohol withdrawal. They were provided with resources to local mental health and alcohol-treatment services. Thirty-two individuals were screened for eligibility. Of the nine eligible participants, five attended an initial study visit, provided written informed consent, and successfully completed the 11-week study. The remaining four declined participation because of unavailability during business hours. The university's institutional review board approved procedures.
Participants who met eligibility criteria completed an 11-week ABA within-subject experiment, in which they submitted blood for PEth measurements, urine samples for EtG testing, and completed self-reported drinking measures weekly. Study visits occurred weekly throughout the A1 (Weeks 1-3) , B (Weeks 4 -7), and A2 (Weeks 8 -10) phases. Baseline study visits lasted approximately 1 hr. Weekly study visits lasted up to 15 min. Participants were instructed to avoid nonbeverage sources of ethanol, such as mouthwash and cough syrup throughout the entire study.
Study Conditions
Phases A1 and A2: Noncontingent reinforcement. During phases A1 (Weeks 1-3) and A2 (Weeks 8 -10), participants submitted blood and urine samples and self-report data once a week. They received $30 in gift cards for submitting these data regardless of PEth results.
Phase B: Contingency management. At each visit during the B phase (Weeks 4 -7), participants received $15 for attending the study visit and received, if eligible, a gift card for the previous weeks' blood samples. Participants earned a minimum of $30 each week if their combined PEth result was lower than the previous week and was verified by an EtG-negative (EtG Ͻ150 ng/ml) urine sample and self-report. This approach, rather than a specific cutoff, such as Ͻ5 ng/ml for PEth, was used because the intention was to reinforce alcohol abstinence in the week prior. A PEth level of Ͼ5 ng/ml was likely to reveal alcohol use that occurred within the past few weeks, resulting in the withholding of reinforcement from individuals who had been abstinent during the prior week. Participants were reminded of PEth's at least 2-week detection period at their Week-1 study visit. At their Week-3 visit, participants were reminded again when the contingent phase (Phase B) would begin.
For each consecutive week of alcohol abstinence, the value of gift cards was increased by $10. Participants could earn up to $180 in gift cards if they met criteria for alcohol abstinence throughout Phase B. Participants who missed an appointment or had a PEthpositive sample did not earn any additional gift cards for that week. The median value of CM gift cards earned by participants was $30 interquartile range (IQR ϭ $0 -40). Gift cards for alcohol abstinence were emailed approximately 1 week after collection of urine and blood samples, at the next study visit, because of the 1-week delay for receiving PEth results back from the senior author's laboratory. Gift cards were emailed, as this method allowed us to provide a wide variety of gift-card options. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Measures
Self-reported alcohol use. At the baseline visit, participants completed the Addiction Severity Index-Lite (McLellan et al., 1992) to assess days of alcohol use, drinking to intoxication, and addiction severity. Participants completed the Stages of Change Readiness and Treatment Eagerness Scale (SOCRATES; Miller & Tonigan, 1996) to assess interest in alcohol abstinence. Participants received $30 for these interviews.
At every study visit, the Alcohol Timeline Followback (Sobell & Sobell, 2000) was used to assess number of daily standard drinks over the past month (baseline) or week (Phases A1, B, A2). These data were used to assess days of any drinking and heavy drinking (women, Ն3 standard drinks, men, Ն4 standard drinks).
EtG samples. EtG levels in urine were measured by the Diagnostic Reagents, Incorporated (Los Angeles, CA) EtG enzyme immunoassay and conducted at the first author's laboratory using a Thermo Fisher Indiko analyzer (Fremont, CA). Samples were considered negative if EtG was Ͻ150 ng/ml (Jatlow et al., 2014; McDonell et al., 2015) . Calibrations were conducted weekly using EtG 100-ng/ml, 500-ng/ml, 1,000-ng/ml, 2,000-ng/ml, and negative calibrators. EtG tests were conducted using EtG 100-ng/ml and 375-ng/ml controls. Samples were refrigerated until prepared for shipping.
PEth samples. Capillary blood was drawn by a trained research coordinator using a lancet (BD Microtainer ContactActivated Lancets, Dublin, Ireland), dropped on standard pathology spot cards (903 Protein Saver Card, GE Health Care Life Sciences, Cardiff, UK) (Bakhireva et al., 2016; Kummer et al., 2016) , and dried at room temperature. Samples were kept in a cool, dark cabinet until prepared for shipping. Samples were shipped to the senior author's university laboratory where all PEth analyses were conducted.
Two PEth homologs were measured, PEth 16:0/18:1 and 16:0/18:2, and were quantified in dried blood spots using a modification of the high-performance liquid chromatography mass spectometry (HPLC/ MS/MS; Javors et al., 2016) . The sum of both homologs, per sample, were used to create the PEth combined value. Solvents and reagents were purchased from Thermo Fischer and Sigma Chemical (St. Louis, MO). 1-palmitoyl-2-oleoyl-phosphatidylethanol (PEth 16:0/18:1), 1-palmitoyl-2-linoleoyl-phosphatidylethanol (PEth 16:0/18:2), and deuterated 1-palmitoyl-2-oleoyl-phosphatidylethanol (d5-PEth 16:0/ 18:1) were purchased from Avanti Polar Lipids (Alabaster, AL) and Echelon (Salt Lake City, UT).
To extract PEth from standard, control, calibrator, and experimental dried blood-spot samples, eight punches (4 mm) were combined with isopropanol and then hexane sequentially. After thorough mixing, the organic layer was evaporated to dryness and the pellets dissolved in HPLC mobile phase for injection into the HPLC/MS/MS. The ratio of peak areas of PEth 16:0/18:1 and PEth 16:0/18:2 to that of d5-PEth 16:0/18:1 were compared against a linear regression of ratios of calibrators from 0 to 4,000 ng/ml. The lower limit of detection was 5 ng/ml for both homologs. Imprecision of assay was Յ6% and Յ11% for control samples spiked with 42 (PEth 16:0/18:1) and 187 (PEth 16:0/18:2) ng/ml, respectively.
Data Analysis
Previous weeks' alcohol abstinence was determined by a decrease in combined PEth, confirmed by EtG-negative urine samples and self-report negative results. Median and IQRs (25th-75th percentile) were calculated for PEth, EtG, and self-reported drinking outcomes, rather than means and standard deviations. We also investigated the ability of combined PEth levels (the sum of PEth 16:0/18:1 and PEth 16:0/18:2) to detect self-reported drinking during the previous 1, 2, 3, 4, and 5 weeks across the 11-week study period using receiver operating characteristic (ROC) curves. The areas under the ROC curve included 95% confidence intervals (CI) using SPSS 24 (IBM, 2016). Statistical significance was set at alpha p Ͻ .05.
Results
The five participants had a mean age of 45.6 years (SD ϭ 17.3) and three were women. Four participants met DSM-5 criteria for a mild AUD and one participant met criteria for a moderate AUD. Sixty percent of participants identified as white (n ϭ 3), 20% Black (n ϭ 1), and 20% identified as more than one race (White and American Indian; n ϭ 1). All participants reported education beyond high school. At baseline, participants reported drinking a mean of 14.8 days (SD ϭ 9.4 days) in the past 30 days with a mean of 10.4 days of drinking to intoxication (SD ϭ 5.5 days). Participants reported low subscale scores across the SOCRATES (Miller & Tonigan, 1996) for alcohol use (Recognition M ϭ 12.6, SD ϭ 5.8; Ambivalence M ϭ 7.6, SD ϭ 3.5; Taking Steps M ϭ 17.4, SD ϭ 7.4).
Participants attended 53 of 55 (96%) study visits. Overall eight of 29 (28%) PEth tests indicated alcohol abstinence during the A phases, and 10 of 19 (53%) PEth tests were consistent with abstinence during the B phase. Fourteen of 29 (48%) urine samples were EtG-negative during the A phases; 15 of 19 (79%) were EtG-negative during the CM (B) phase. On average, individuals who self-reported abstinence in the week prior attained a 58.6% decrease in their combined PEth level.
In two cases during Phase B, PEth 16:0/18:1 and combined PEth (the sum of homologs 16:0/18:1 and 16:0/18:2) results were higher than the previous week, even though PEth 16:0/18:2 was lower. Self-report and EtG were negative. After consultation with the senior author, reinforcers for abstinence were provided in these two cases.
Figures 1 and 2 display individual participant results for combined PEth and EtG across study phases. When individual data were examined, three participants were more likely to submit reduced PEth levels from the previous week during the CM phase (B) compared to the A1 and A2 phases, while two participants did not submit reduced PEth levels from the previous week during CM. The median combined PEth result was 306 ng/ml (IQR ϭ 181-919 ng/ml) during the A1 and A2 phases and 140 ng/ml (IQR ϭ 62-210 ng/ml) during the B phase. The median EtG levels were 153 ng/ml (IQR ϭ 35-2,000 ng/ml) during the A1 and A2 phases and 52 ng/ml (IQR ϭ 0 -126 ng/ml) during the B phase. Figure 3 displays the total number of standard drinks per week consumed by each participant. The median number of self-reported drinking days during the A1 phase was 5 (IQR ϭ 2-7) and the median number of heavy drinking days was 4 (IQR ϭ 1-5). During the B phase, the median number of drinking days was 1 (IQR ϭ 0 -3) and the median of heavy drinking days was 1 (IQR ϭ 0 -1). During the A2 phase, participants had a median of This document is copyrighted by the American Psychological Association or one of its allied publishers.
3 (IQR ϭ 2-7) drinking days and 2 (IQR ϭ 1-2) heavy drinking days.
The area under the curve of the combined PEth homolog results, when predicting self-reported drinking, was 81% (95% CI: 69 -93%, p Ͻ .05) for 1 week, 83% (95% CI: 71-95%, p Ͻ .05) for 2 weeks, 80% (95% CI: 67-94%, p Ͻ .05) for 3 weeks, 77% (95% CI: 60 -93%, p Ͻ .05) for 4 weeks, and 71% (95% CI: 51-90%, p ϭ .07) for 5 weeks.
Discussion
Participants were more likely to meet PEth-based abstinence criteria during the CM (B) phase than the control (A1 and A2) phases. They also had lower median PEth levels, EtG levels, drinking days, and heavy drinking days during the B phase than during the A1 and A2 phases. Three of the five individuals appeared to respond to the CM condition. Therefore, in these five nontreatment-seeking heavy drinkers, a PEth-based CM intervention was associated with increased alcohol abstinence and reductions in heavy drinking. Results are consistent with previous studies investigating CM using EtG, transdermal alcohol monitors, and video-recorded breathalyzers (Alessi & Petry, 2013; Dougherty et al., 2015; McDonell et al., 2012; McDonell et al., 2017) .
To our knowledge, this pilot study is the first to investigate the feasibility of a PEth-based CM intervention targeting alcohol use. Given PEth's half-life of 4 -10 days (Javors et al., 2016) , a participant's PEth level would be expected to decrease by 50% over the week between study visits. During the CM phase, we observed a mean 56% reduction in PEth levels in individuals who reported no drinking during the prior week. Therefore, when delivering reinforcers on a weekly basis, a week-over-week reduction in PEth levels is likely the best method for verifying past-week alcohol abstinence. Use of a specific PEth cutoff, such as 5 ng/ml, might be appropriate when an individual has demonstrated 2 or more weeks of abstinence or when the duration between blood sample collection and corresponding reinforcers is 2 weeks or more. The key factors that determine the concentration of PEth during abstinence are the PEth concentration at the beginning of abstinence, the PEth homolog half-life, and the length of time from last alcohol consumption. Viel and colleagues (2012) summarized the results of several studies evaluating PEth. They reported that PEth was detectable in blood as long as 14 -28 days, though detectable PEth levels decreased significantly as the duration of abstinence increased. When quantified more frequently, as was done in this study, decreases in PEth levels may be the most accurate way to assess recent abstinence.
This pilot study has several limitations, including a small sample size, recruitment from a nontreatment-seeking sample, and a lack of participant satisfaction data. The primary strength of PEth as a clinical tool for detecting alcohol use is the ability to detect consumption for up to 2 weeks or longer. The longer detection period allows for more infrequent testing, ideal for individuals who have less frequent clinic attendance. The weaknesses of PEth as a clinical tool include its relatively high cost and undefined cutoff level when assessments are conducted frequently. In addition, because blood samples had to be shipped to a laboratory for PEth analysis, sample results were not obtained until as much as a week later. Therefore, participants received reinforcers at the next study visit. In previous studies, it has been found that a 1-week delay in Samples were capped at 500 ng/ml in the figure to provide appropriate scaling. Results at 500 ng/ml indicate a result of Ն500 ng/ml. Each line represents one participant (n ϭ 5), labeled 1-5. The vertical lines indicate the start and end of the contingency management phase (Phase B). This document is copyrighted by the American Psychological Association or one of its allied publishers.
contingencies, although not ideal, was still effective (McDonell et al., 2012) . Finally, as discussed in the Method section, we chose to change approaches for assessing alcohol use with PEth, switching from use of a specific cutoff, to requiring reductions in PEth values, verified by EtG and self-report results that were consistent with abstinence. Therefore, it is possible that participants' awareness of alcohol use being monitored by EtG tests influenced their behavior.
Conclusion
If larger studies support the feasibility of a PEth-based CM intervention and the cost of PEth can be reduced, the lengthy detection period of PEth allows it to serve as a suitable biomarker in CM interventions in which reinforcers are delivered once every 2 weeks or longer. Such applications might include a PEth-based CM intervention in primary care settings, where twice-weekly assessments of use, such as those required when using EtG, are not feasible; use of PEth to incentivize continued abstinence during alcohol-treatment aftercare; or use of PEth to deliver incentives for abstinence in combination with infrequently administered pharmacological treatments, such as injectable naltrexone. This document is copyrighted by the American Psychological Association or one of its allied publishers.
